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WHAT IS CLAIMED IS: 



1 . A patient monitoring system conrii^rising: 

(A) a non-invasive cardiac oatput sensor, the non-invasive 
cardiac output sensor being capable of >Gcquiring a signal from a patient 
ndicative of blood flow through a heart of the patient; 

(B) a multi-lead ^ctrocardiogram (ECG) sensor, the 
multi-lead ECG sensor comprisiri^ a plurality of ECG electrodes capable of 
acquiring a plurality of ECG signals from the patient; and 

(C) a patienymonitor console, including ^ 

(1) /an analysis module, the analysis module being 
coupled to the/non-invasive cardiac output sensor and to the 
multi-lead EC(3 sensor, the analysis module processing the signal 
from the rratient indicative of blood flow to produce a value 
pertaininjj to cardiac output, and 

(2) a display, the display being coupled to the 
anah/sis module, and the display displays the value pertaining to 
ca/diac output and an ECG waveform generated based on the ECG 

gnals. 



2. A system according to claim 1, wherein the non-hjvc^ve 
cardiac output sensor further comprises first and second.,-.eMctrodes, and 
wherein the analysis module produces the vaJju^Tpertaining to cardiac 
output by determining an impedance...b€tween the first and second 
electrodes, the impedance bet\A^^.eflThe first and second electrodes being 
a function of an amount aM5food located in a blood flow path that passes 
through the heart of>He patient. 

3. Ar system according to claim 2, wherein the non-invasive 
cardiac ^dutput sensor further comprises third and fourth electrodes, 
wherein an excitation signal is applied to the patient using the third and 
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fourth electrodes, and wherein the signal from the patient indicative of 
blood flow is a response signal that is generated in response /to the 
excitation signal. / 

4. A system according to claim 1 , wherein the value pertaining 
to cardiac output pertains to a volume of blood pumped by the heart per 
unit time. / 

5. A system according to claim 1, whereii/ the value pertaining 
to cardiac output pertains to a volume of blood pumped by the heart each 
heartbeat. / 

6. A system according to claim 1, ^/herein the value pertaining 
to cardiac output pertains to a resistance /o flow of blood in an arterial 
system of the patient. / 

7. A system according to c^aim 1, wherein the value pertaining 
to cardiac output is a work index indicative of an amount of work 
performed by the heart to eject /a volume of blood into an aorta of the 
patient. / 

8. A system accoraing to claim 1, further comprising 



connected to the analy;Bis module, and wherein the display displays blood 
pressure information/oased on a signal acquired from the blood pressure 
sensor; / 



connected to/the analysis module, and wherein the display displays 
information /pertaining to pulse oximetry based on a signal acquired from 
the pulse /Oximetry sensor; 



connected to the carbon dioxide sensor and wherein the display further 



a blood pre^ure sensor, the blood pressure sensor being 



a 



Ise oximetry sensor, the pulse oximetry sensor being 



a carbon dioxide sensor, wherein the analysis module is 
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displays information pertaining to carbon dioxide content in respiratory 
gas based on a signal from the carbon dioxide sensor. / 

9. A system according to claim 8, wherein at least erne of the 
blood pressure sensor, the pulse oximetry sensor, and the carbon dioxide 
sensor is connected to the analysis module by way/of a network 
communication link. / 

10. A system according to claim 1 , further comprising a 
communication interface capable of establishiirg a communication link 
between the patient monitoring system and A local area network of a 
medical facility in which the patient monitoring system Is located. 

11. A system according to claini 10, wherein the patient monitor 
console is portable and the comrniinication interface is capable of 
wirelessly connecting the patient ymonitoring system to the local area 
network. / 

12. A system according to claim 1, wherein the patient monitor 
console is portable and wh^ein the system further comprises a docking 
station capable of receiving the patient monitor console and connecting 
the console to electrical power and a local area network of a medical 
facility in which the partient monitoring system is located. 

13. A sys;l!em according to claim 1, wherein the patient monitor 
console is portable and comprises a carrying handle and weighs less than 
twenty pounds^ 

14. /a system according to claim 1, 

/ wherein the system further comprises a plurality of additional 
sensors/and a dial operator input device, 

/ wherein the display displays a cardiac output parameter 
winGiow and a plurality of additional parameter windows corresponding to 
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parameters sensed by respective ones of the plurality of additional 
sensors, / 

wherein the dial operator input device is rotatable/m either 
direction to highlight different parameter windows, and / 
5 wherein, when the cardiac output paramej^r window is 

highlighted, and the dial operator input device is pressed/while the cardiac 
output parameter window is highlighted, the display displays a plurality of 
cardiac output menu options, the cardiac output: menu options being 
selectable by an operator to cause the display to display additional 
^0 information pertaining to cardiac output to tpe operator and to receive 
\ inputs from the operator to adjust processing of the signal from the 
cardiac output sensor. / 

15. A system according to claim 14, wherein the non-invasive 
cardiac output sensor further comprises first and second electrodes, and 
15 wherein the analysis module produces the value pertaining to cardiac 
output by determining an impedance between the first and second 
electrodes, the impedance between the first and second electrodes being 
a function of an amount of l^ood located in a blood flow path that passes 
through the heart of the oatient, 

20 16. A system/according to claim 15, wherein the plurality of 

menu options incluioes an option that causes the patient monitoring 
system to test oracement of the first and second electrodes on the 
patient, / 

17. X system according to claim 15, wherein the plurality of 
25 menu options includes a help option that causes the display to display 
help infocmation describing proper electrode placement locations on the 
patient./ 
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18. A system according to claim 15, wherein the pluralitv/bf 
menu options includes a help option that causes the display to/display 
help information describing proper skin preparation prior to electrode 
placement on the patient- y/^ 

19. A system according to claim 15, v)^rein the plurality of 
menu options includes an option to chatyge a type of impedance 
waveform that is displayed to an operator. >^ 

20. A patient monitoring sysj^m comprising: 

(A) means for nonnnvasively monitoring cardiac output, 
including means for acquiring ss signal from a patient indicative of blood 
flow through a heart of thex^atient; 

(B) means for acquiring a plurality of ECG signals from the 
patient; X 

(C) /means for processing the signal from the patient 
indicative of bpod flow to produce a value pertaining to cardiac output; 
and / 

/ (D) means for displaying the value pertaining to cardiac 
output/and an ECG waveform generated based on the ECG signals. 

21 . A patient monitoring system c<miprising: 

(A) a non-invasive carpHac output sensor, the non-invasive 
cardiac output sensor being capabfe of acquiring a signal from a patient 
indicative of blood flow througfi a heart of the patient; 

(B) a copplmunication interface, the ^communication 
interface being capable/of establishing a communication link between the 
patient monitoring s;^tem and a local area network of a medical facility in 
which the patieirr^nonitoring system is located; and 

Uc) a patient monitor console, including 
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(1) an analysis module, t};^ analysis module being 
coupled to the non-invasive cardiap/^utput sensor, the analysis 
module processing the signal fj0fn the patient indicative of blood 
flow to produce a value per;)^^ing to cardiac output, and 

(2) a (^p\ay, the display being coupled to the 
analysis module, arfd the display displays the value pertaining to 
cardiac outputy^nd 

the communication interface is capable of 
transmitting value pertaining to cardiac output over the local area 
networt 



22. A system according to claim 21, wherein the non-inv^ive 
cardiac output sensor further comprises first and second electrodes, and 
wherein the analysis module produces the value pertainipg to cardiac 
output by determining an impedance between the >Hrst and second 
electrodes, the impedance between the first and spdond electrodes being 
a function of an amount of blood located in aj^rood flow path that passes 
through the heart of the patient. 

23. A system according ^ claim 21, wherein the non-invasive 
cardiac output sensor furthep^comprises third and fourth electrodes, 
wherein an excitation sign^fl is applied to the patient using the third and 
fourth electrodes, an^/wherein the signal from the patient indicative of 
blood flow is a expense signal that is generated in response to the 
excitation sigr 



A system according to claim 21, wherein the value pertaining 
to capdiac output pertains to a volume of blood pumped by the heart per 
unit time. 
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25. A system according to claim 21, further comprising 
a blood pressure sensor, the blood pressure sensoi/ being 

connected to the analysis module, and wherein the display displays blood 
pressure information based on signals acquired from the bipod pressure 
sensor; 

a pulse oximetry sensor, the pulse oximetry sensor being 
connected to the analysis module, and wherein /ihe display displays 
information pertaining to pulse oximetry; 

a carbon dioxide sensor, whereifi the analysis module is 
connected to the carbon dioxide sensor ana wherein the display further 
displays information pertaining to carbqn dioxide content in respiratory 
gas. 

26. A system according t^claim 21, wherein the patient monitor 
console is portable and the ycommunication interface is capable of 
wirelessly connecting the patient monitoring system to the local area 
network. 

27. A system according to claim 21, wherein the patient monitor 
console is portable gnd wherein the system further comprises a docking 
station capable of /eceiving the portable monitor console and connecting 
the console to electrical power and a local area network of a medical 
facility in whiqn the patient monitoring system is located. 

28. / A system according to claim 21, 
wherein the system further comprises a plurality of additional 

sensor^/and a dial operator input device, 

wherein the display displays a cardiac output parameter 
window and a plurality of additional parameter windows corresponding to 
parameters sensed by respective ones of the plurality of additional 
ifensors. 
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wherein the dial operator input device is rotatable in either 
direction to highlight different paranneter windows, and / 

wherein, when the cardiac output parameter window is 
highlighted, and the dial operator input device is pressed while the cardiac 
output parameter window is highlighted, the display display^a plurality of 
cardiac output menu options, the cardiac output merru options being 
selectable by an operator to cause the display \pf display additional 
information pertaining to cardiac output to the joperator or to receive 
inputs from the operator to adjust processing^ of the signal from the 
cardiac output sensor. / 

29. A system according to damn 28, wherein the non-invasive 
cardiac output sensor further comprises first and second electrodes, and 
wherein the analysis module prodjirfces the value pertaining to cardiac 
output by determining an impeoance between the first and second 
electrodes, the impedance betyveen the first and second electrodes being 
a function of an amount of jzlood located in a blood flow path that passes 
through the heart of th^e patient; and wherein the plurality of menu 
options includes an omxow that causes the patient monitoring system to 
test placement of the^irst and second electrodes on the patient. 

30. A system according to claim 28, wherein the non-invasive 
cardiac output /sensor further comprises first and second electrodes, and 
wherein the>4nalysis module produces the value pertaining to cardiac 
output by/ determining an impedance between the first and second 
electrodes, the impedance between the first and second electrodes being 
a functfon of an amount of blood located in a blood flow path that passes 
throuflh the heart of the patient; and wherein the plurality of menu 
optipns includes a help option that causes the display to display help 
intormation describing proper electrode placement on the patient. 
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31. A system according to claim 21, further comprisina/^ a 
multi-lead electrocardiogram (ECG) sensor, the multi-lead ECG sensor 
comprising a plurality of ECG electrodes capable of acquiring a phirality of 
ECG signals from the patient, and wherein the display displays an ECG 
waveform generated based on the ECG signals. / 

32. A system according to claim 31, wherein tne plurality of ECG 
signals include leads I, II. Ill, VI , V2, V3, V4, V5, V6, awC aVL and aVF. 

33. A patient monitoring method comprising: 

(A) acquiring cardiac outmfit information using a 
non-invasive cardiac output sensor of a patient monitoring system, the 
non-invasive cardiac output sensor bemg capable of acquiring a signal 
from a patient indicative of blood floW^ through a heart of the patient, the 
acquiring step including / 

(1) applying an excitation signal to a patient, the 
excitation signal being applied using first and 
s^ond electrodes, and 

(2) /measuring cardiac impedance based on 
/ response characteristics of the heart of the 

/ patient to the excitation signal; 

(B) / acquiring a plurality of electrocardiogram (ECG) signals 
from the patieca using a multi-lead ECG sensor of the patient monitoring 
system; / 

/ (C) transmitting the ECG signals and the cardiac output 
information from the patient monitoring system to a remote device by 
way cn a local area network of a medical facility in which the patient 
monitoring system is located; and 

/ (D) displaying an ECG waveform and the cardiac output 

information on a display. 
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34. A method according to claim 33, wherein tj; 
is performed at the remote patient monitor. 



Jlsplaying step 



35. A method according to^ctcnm 33, wherein the displaying step 
is performed at the patient rnprrttoring system. 

36. A mejh6d according to claim 33, further comprising 
displaying trepr^ng information, the trending information including 
historicaLirfformation regarding variation of a cardiac output value over a 
periQjeKof time. 

37. A patient monitoring system composing: 

(A) a non-Invasive cardiac output sensor, the non-invasive 
cardiac output sensor being capable of acgOiring a signal from a patient 
indicative of blood flow through a heart j6f the patient, the non-invasive 
cardiac output sensor comprising first ana second electrodes; 

(B) a multi-lead electrocardiogram (ECG) sensor, the 
multi-lead ECG sensor comprising a jolurality of ECG electrodes capable of 
acquiring a plurality of ECG signals/from the patient; 

(C) a blood pres/ure sensor, the blood pressure sensor 
being capable of acquiring bloo/9 pressure information from the patient; 

(D) a pulse gximetry sensor, the pulse oximetry sensor 
being capable of acquiring vfulse oximetry information from the patient; 

(E) a carbon dioxide sensor, the carbon dioxide sensor 
being capable of acqi^iring information pertaining to carbon dioxide 
content in respiratory gas of the patient; 

(F) a/patient monitor console, including 
[1) an analysis module, the analysis module being 

couDfed to the non-invasive cardiac output sensor, the 
mum-lead ECG sensor, the blood pressure sensor, the pulse 
o)^metry sensor, and the carbon dioxide sensor, the analysis 
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module processing the signal from the patient indicative of 
blood flow to produce a value pertaining to cardiac output, 
the analysis module producing the/value pertaining to cardiac 
output by determining an impeclance between the first and 
second electrodes, the impe/nance between the first and 
second electrodes being a function of an amount of blood 
located in a blood flow patin that passes through the heart of 
the patient, the value pertaining to cardiac output pertains to 
a volume of blood pum|:ied by the heart per unit time, 

(2) a displaV the display being coupled to the 
analysis module, and the display displaying the ECG 
waveform, the value pertaining to cardiac output, the blood 
pressure information, the carbon dioxide information, and the 
pulse oximetry inrormation, 

(3) communication interface capable of establishing 
a communication link between the patient monitoring system 
and a local area network of a medical facility in which the 
patient momtoring system is located, and 

(4) / a dial operator input device, 

wherein /the display displays a plurality of parameter 
windows which respectively display the cardiac output information, the 
ECG information, /he blood pressure information, the pulse oximetry 
information, and tpe carbon dioxide information; 

wherein the dial operator input device is rotatable in either 
direction to higmight different parameter windows; and 

wnerein, when the cardiac output parameter window is 
highlighted, and the dial operator input device is pressed while the cardiac 
output parameter window is highlighted, the display displays a plurality of 
cardiac output menu options, the cardiac output menu options being 
selectable /by an operator to cause the display to display additional 




-40- 



Atty. Dkt. No.: 070T1^0335 (1 12018) 





^ /nformation pertaining to cardiac output to the operator or to receive 
inputs from the operaJ^OT to adjust processing of the signal from the 
/ cardiac output sery 

38. A system according to claim 37, whpr^n the plurality of ECG 
signals include eight leads which are apqtffred directly and four leads 
which are derived. 




39. A system 
signals include leads>f 



to claim 37, wherein the plurality of ECG 
I, VI . V2, V3, V4. V5. V6, aVR. aVL and aVF. 
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